
In The Claims 

A clean version of the entire set of pending claims as 
amended by this Response is presented on the following page. 

Claims 10, 22, 32, 45-58, 60, 62 and 64 are amended as 
indicated by a marked up version of the rewritten claims, which 
follows the Remarks, showing all changes relative to the previous 
version of the claims. 
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Clean Version of the Entire Set of Pending Claims 

1 1. A DC to DC switching circuit for controlling/power 

2 switching devices in a DC to DC converter having first and second 

3 interleaved converter circuits operating into a cc>mmon load 

4 comprising : 

5 a current sense circuit sensing the voltage across a sense 

/ 

6 resistor in series with the power supply supplying power to the 

7 power switching devices; / 

/ 

8 a first pulse width modulator controlling the power 

/ 

9 switching devices of the first converter circuit; 

/ 

10 a second pulse width modulator >controllmg the power 

/ 

11 switching devices of the second converter circuit; 

12 a feedback circuit responsive to the voltage across the 

13 common load; 

14 control circuits for co/ht rolling the first and second pulse 

15 width modulators responsiye to the feedback circuit and a 

16 commanded output voltage*; 

17 the control circuits also being responsive to the difference 

18 in the voltage across the sense resistor when the first converter 

19 is drawing power from the power supply through the sense resistor 
2 0 and the second converter is not, and when the second converter is 

/ 

21 drawing power from the power supply through the sense resistor 

22 and the firs,t converter is not, to adjust the relative duty cycle 
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23 of the first and second converters to tend to minimize the 

24 difference in the voltage across the sense resistor; / 

25 the current sense circuit, the first pulse width modulator, 
2 6 the second pulse width modulator, the feedback ci/rcuit and the 
27 control circuits being in a single integrated circuit. 

/ 

1 2 . The DC to DC switching circuit of /claim 1 wherein the / 

2 sense resistor is external to the integrated circuit. 

/ 

/ 

1 3 . (Amended) The DC to DC switching circuit of claim 1 

2 further comprised of an integrator having an output responsive to 

/ 

3 the integral of an error signal, the error signal being 

/ 

4 responsive to the voltage across the common load and a desired 

5 voltage, the control circuits also being responsive to the output 

6 of the integrator. / 

1 4. The DC to DC swi/tching circuit of claim 3 wherein the 

2 time constant of the integrator is adjustable by the selection of 

/ 

3 at least one component external to the integrated circuit. 

1 5. The DC^to DC switching circuit of claim 3 further 

2 comprised of a xlif f erentiator having an output responsive to the 

3 rate of change of the voltage across the common load, the control 

4 circuits aLso being responsive to the output of differentiator. 


Atty Docket No. 055123. P086R 
App. No. 09/781,120 


-9- 


RWB/jc 

Filed February 8, 2001 


• 



1 6. The DC to DC switching circuit of claim SJ wherein the 

2 time constant of the differentiator is adjustable /by the 

3 selection of at least one component external to ythe integrated 

4 circuit. 

1 7. The DC to DC switching circuit claim 1 wherein the 

2 control circuits are also responsive to^rapid decreases in the 

3 voltage on the common load to turn on^the first and second 

4 converter circuits independent of th 7 e phase of the first and 

5 second pulse width modulators. 

1 8. The DC to DC switching circuit of claim 7 wherein the 

2 control circuits are also responsive to rapid increases in the 

3 voltage on the common load to turn off the first and second 

4 converter circuits independent of the phase of the first and 

5 second pulse width modulators. 

1 9. The DC to^/DC switching circuit of claim 1 further 

2 comprised of a load variation circuit coupled to the control 

3 circuits to decrease the voltage on the common load for higher 

4 voltages across the current sense resistor and to increase the 

/ 

5 voltage on the common load for lower voltages across the current 

6 sense resistor. 

/ 
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1 10. (Twice Amended) DC to DC switching circuit for 

2 controlling power switching devices in a DC to DC converter 

3 having first and second converter circuits operating into a 

4 common load comprising: 

5 a first pulse width modulator control ling^t'he power 

6 switching devices of the first converter circuit; 

7 a second pulse width modulator controlling the power 

8 switching devices of the second converter/circuit; 

9 a feedback circuit responsive to the voltage across the 

10 common load; 

11 control circuits for controlling the first and second pulse 

12 width modulators responsive to the feedback circuit, the 

13 operation of the first and se pulse width modulators being 

14 interleaved; 

15 the control circuits/also being responsive to the difference 

16 in currents through the/ first converter and the second converter 

17 to adjust the relative duty cycle of the first and second 

18 converters to tend >to minimize the difference in the voltage 

/ 

19 across a sense resistor; 

/ 

20 the first^pulse width modulator, the second pulse width 

21 modulator, the feedback circuit and the control circuits being in 

22 a single integrated circuit. 
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1 11. The DC to DC switching circuit of claim ^0 wherein the 

2 commanded output voltage is controllable through /an input to the 

3 integrated circuit. / 

/ 

/ 

1 12. The DC to DC switching circuit of/claim 10 wherein the 

2 commanded output voltage is controllable ^through a digital input 

3 to the integrated circuit. *' 

/* 

/ 

1 13. (Amended) The DC to DC switching circuit of claim 12 

2 further comprised of an integrator' having an output responsive to 

/ 

3 the integral of an error signal/ the error signal being 

4 responsive to the voltage across the common load and a desired 

5 voltage, the control circuit^ also being responsive to the output 

6 of the integrator. 

1 14. The DC to Dc/switching circuit of claim 13 wherein the 

2 time constant of the/integrator is adjustable by the selection of 

3 at least one component external to the integrated circuit. 


1 15. The DC to DC switching circuit of claim 13 further 

/ 

2 comprised of a differentiator having an output responsive to the 

/ 

3 rate of charige of the voltage across the common load, the control 

4 circuits also being responsive to the output of differentiator. 
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1 16. The DC to DC switching circuit of claim/15 wherein the 

/ 

2 time constant of the differentiator is adjustable by the 

/ 

3 selection of at least one component external to the integrated 

/ 

4 circuit. / 

/ 

/ 

1 17. The DC to DC switching circuit* of claim 12 wherein the 

/ 

2 control circuits are also responsive to rapid decreases in the 

/ 

3 voltage on the common load to turn on the first and second 

/ 

4 converter circuits independent of the phase of the first and 

5 second pulse width modulators. / 

1 18. The DC to DC switching circuit of claim 17 wherein the 

/ 

2 control circuits are also Responsive to rapid increases in the 

3 voltage on the common load to turn off the first and second 

/ 

4 converter circuits independent of the phase of the first and 

5 second pulse width modulators. 

/ 

1 19. The DC to DC switching circuit of claim 12 further 

/ 

2 comprised of a load variation circuit coupled to the control 

3 circuits to decrease the voltage on the common load for higher 

/ 

4 currents through the converters and to increase the voltage on 

5 the common load for lower currents through the converters. 
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1 20. The DC to DC switching circuit of clairrf 12 wherein the 

2 commanded output voltage is controllable through an input to the 

3 integrated circuit. / 

/ 

1 21. The DC to DC switching circuit/ of claim 12 wherein the 

/ 

2 commanded output voltage is controllable through a digital input 

3 to the integrated circuit. ^ 

1 22. (Three Times Amended) ^/a DC to DC converter having a 

2 plurality of converter circuits for operating into a common load, 

3 compr i s ing : / 

4 a plurality of buck ^onverter circuits operating into the 

5 common load, each buck converter circuit having an inductor for 

6 alternately conducting/between the first power supply terminal 

7 and the common load, /and the second power supply terminal and the 

8 common load; / 

9 a plurality pf pulse width modulators driven by a common 

/ 

10 oscillator in an interleaved manner, each pulse width modulator 

11 controlling one of the plurality of buck converter circuits, 

/ . .. 

12 whereby the ^operation of the buck converter circuits is 

13 interleaved; 

/ 

14 a feedback circuit responsive to a voltage across the common 

15 load; / 
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16 a voltage control circuit controlling the plur^ity of pulse 

17 width modulators responsive to the feedback circui/t and a 

18 commanded output voltage; and / 

19 a current balance control circuit responsive to the 

/ 

2 0 difference in currents in the plurality of interleaved buck 

21 converter circuits and controlling the puise width modulators to 

/ 

22 balance the currents in the plurality of interleaved buck 

23 converter circuits; / 

24 the plurality of pulse width^odulators and the control 

25 circuits being in a single integrated circuit. 

1 24. (Twice Amended) Thi^DC to DC converter of claim 22 

/ 

2 further comprised of an integrator having an output responsive to 

3 the integral of an error/signal , the error signal being 

4 responsive to the voltage across the common load and a desired 

5 voltage, the control /circuits also being responsive to the output 

6 of the integrator. / 

1 25. (Amended) The DC to DC converter of claim 24 wherein a 

/ 

2 time constant .of the integrator is adjustable by the selection of 

3 at least one /component external to the integrated circuit. 

1 26. /(Amended) The DC to DC converter of claim 24 further 

2 comprised of a differentiator having an output responsive to the 

/ 
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3 rate of change of the voltage across the common load, the control 

4 circuits also being responsive to the output of differentiator. 

/ 

1 27. (Amended) The DC to DC converter of claim 26 wherein 

2 the time constant of the differentiator is'adjustable by the 

3 selection of at least one component external to the integrated 

4 circuit. / 

, 

2 the control circuits are also^responsive to rapid decreases in 

3 the voltage across the common load to turn on the plurality of 

/ 

/ 

4 buck converter circuits independent of the phase of the plurality 

/ 

5 of pulse width modulators. 

/ 

1 29. (Amended) /The DC to DC converter of claim 28 wherein 

2 the control circuits are also responsive to rapid increases in 

/ 

3 the voltage across the common load to turn off the plurality of 

4 buck converters/circuits independent of the phase of the plurality 

5 of pulse width modulators. 

/ 

1 30. /(Amended) The DC to DC converter of claim 22, wherein 

2 the plurality of pulse width modulators consist of a pair of 

/ 

3 pulse width modulators. 

1 1 31. (Amended) The DC to DC converter of claim 22 wherein 

2 the feedback circuit is in the single integrated circuit. 
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32. (Three Times Amended) A DC to DC converter having a 
plurality of converter circuits operating into a/ common load, 
comprising: ^ 

a plurality of buck converter circuits/operating into the 
common load, each buck converter circuits/having an inductor for 
alternately conducting between the first power supply terminal 
and the common load, and the second power supply terminal and the 


10 of the plurality of buck converter circuits, the operation of the 

11 pulse width modulators and ^the buck converter circuits being 

12 interleaved; 

13 a feedback circuit/ responsive to a voltage across the common 

14 load; 

15 control circuits responsive to the feedback circuit and a 

/ 

16 commanded output^oltage to control a nominal duty cycle of the 

17 plurality of buc'k converter circuits, the control circuits also 

18 being responsive to the difference in currents in the plurality 

/ 

19 of interleaved buck converter circuits to adjust relative duty 

/ 

20 cycles of t/he plurality of buck converter circuits to balance the 

21 currents /in the buck converter circuits; 

/ 

22 the plurality of pulse width modulators and the control 

23 circuits being in a single integrated circuit. 
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34. (Twice Amended) The DC to DC converter ojt claim 32 
wherein the control circuits control the plurality of pulse width 
modulators . / 


35. (Amended) The DC to DC converter pi claim 32 further 

/ 

comprising an integrator having an output .responsive to the 

/ 

integral of an error signal, the error s/ignal being responsive to 

/ 

the voltage across the common load and/a desired voltage. 

/ 

/ 

/ 

36. (Twice Amended) The DC to DC converter of claim 35, 

/ 

wherein the control circuits are /also responsive to the output of 

i 

the integrator. / 

/ 
/ 

37. (Amended) The DC/to DC converter of claim 3 5 wherein a 

time constant of the integrator is adjustable by the selection of 

/ 

at least one component external to the integrated circuit. 


38. (Amended) /The DC to DC converter of claim 35 further 
comprising a differentiator having an output responsive to a rate 

/ 

of change of the ^voltage across the common load, the control 

/ 

circuits also being responsive to the output of differentiator. 


39. (Amended) The DC to DC converter of claim 3 8 wherein a 

/ 

time constant of the differentiator is adjustable by the 
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3 selection of at least one component external to the integrated 

4 circuit. 

1 40. (Amended) The DC to DC converter of claim 32 wherein 

/ 

2 the control circuits are also responsive to rapid decreases in 

3 the voltage across the common load t^/turn on the plurality of 

4 buck converter circuits, independent of the phase of the 

5 plurality of pulse width modulators. 


1 41. (Amended) The DC \/o DC converter of claim 32 wherein 

/ 

2 the control circuits are axso responsive to rapid increases in 

3 the voltage across the common load to turn off the plurality of 

4 buck converter circuits^ independent of the phase of the 

5 plurality of pulse wi^lth modulators. 


1 42. (Amended) The DC to DC converter of claim 32, wherein 

2 the plurality of pulse width modulators consist of a pair of 

/ 

3 pulse width modulators. 


1 43 . y(Amended) The DC to DC converter of claim 32 wherein 

/ 

2 the commanded output voltage is controllable through an input to 

J 

3 the integrated circuit. 


1 / 44 - (Amended) The DC to DC converter of claim 32 wherein 

2 the feedback circuit is in the single integrated circuit. 
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45. (Three Times Amended) A DC to DC converter having a 
plurality of converter circuits operating into a/common load, 
comprising : ^ 

a plurality of buck converter circuits ybperating into the 

common load, each buck converter circuit having an inductor for 

alternately conducting between the first^ower supply terminal 

/ 

and the common load, and the second power supply terminal and the 
common load; 

a plurality of pulse width modulators each controlling one 
of the plurality of buck converter circuits, the operation of the 

/ 

pulse width modulators being^interleaved; 

control circuits for adjusting a nominal duty cycle of the 

/ 

plurality of interleaved yfeuck converter circuits, the control 
circuits also being responsive to the difference in currents in 
the plurality of interleaved buck converter circuits to adjust 
the relative duty cycles of the plurality of buck converter 
circuits to balance the currents therein; 


ili^ty 


the plurality of pulse width modulators and the control 
circuits being/in a single integrated circuit. 

46. ^Twice Amended) A DC to DC converter having first and 
second converter circuits operating into a common load, 

/ 
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4 first and second buck converter circuits operating into the 

5 common load, each buck converter circuit having an^inductor for 

6 alternately conducting between the first power supply terminal 

/ 

7 and the common load, and the second power supply terminal and the 

8 common load; / 

/ 

9 a first pulse width modulator controlling the first buck 

. . / 

10 converter circuit; y 

11 a second pulse width modulator controlling the second buck 

12 converter circuit; / 

13 a feedback circuit responsive to the voltage across the 

14 common load; / 

15 control circuits for controlling the first and second pulse 

16 width modulators responsive^o the feedback circuit; 

/ 

17 the control circuits also being responsive to current 

18 measurements in the first buck converter circuit and the second 

/ 

19 buck converter circuit for adjusting the relative duty cycle of 

/ 

2 0 the first and second pulse width modulators to balance the 

/ 

21 currents in the buck converter circuits; 

22 the first pulse width modulator, the second pulse width 

/ 

23 modulator, the' feedback circuit and the control circuits being m 

/ 

24 a single integrated circuit. 

1 47. /(Twice Amended) A DC to DC converter having a 

2 plurality of converter circuits operating into a common load, 

/ 

3 comprising: 
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4 a plurality of buck converter circuits operating intoythe 

5 common load, each buck converter circuit having an inductor for 

6 alternately conducting between the first power supply terminal 

7 and the common load, and the second power supply terminal and the 

8 common load; 

/ 

9 a plurality of pulse width modulators driven 7 by a common 

/ 

10 oscillator in an interleaved manner, each pulse^ width modulator 

/ 

11 controlling one of the plurality of buck converter circuits, 

/ 

12 whereby the operation of the buck converter circuits is 

13 interleaved; 

14 a feedback circuit responsive to ya voltage across the common 

15 load; 

16 a voltage control circuit for controlling the plurality of 

/ 

17 pulse width modulators responsive to the feedback circuit and a 

18 commanded output voltage; and/ 

/ 

control circuit 

20 difference in currents in the plurality of interleaved buck 


19 a current balance control circuit responsive to the 


21 converter circuits for/controlling the pulse width modulators to 

22 balance the currents/in the plurality of interleaved buck 

23 converter circuits, 

24 the plurality of pulse width modulators, the feedback 
2 5 circuit, the voltage control circuit and the current balance 

/ 

26 control circuit being in a single integrated circuit. 


Atty Docket No. 055123. P086R 
App. No. 09/781,120 


-22- 


RWB/jc 

Filed February 8, 2001 


48. (Twice Amended) A DC to DC converter having a 

/ 

plurality of converter circuits operating into a common load, 

comprising: / 

/ 

a plurality of buck converter circuits operating into the 

/ 

common load, each buck converter circuit having an inductor for 

/' 

/ 

alternately conducting between the first piower supply terminal 

/ 

/ 

and the common load, and the second pow,er supply terminal and the 


a plurality of pulse width modulators each controlling power 

/ 

switching devices of one of the plurality of interleaved buck 

converter circuits, the operation of the pulse width modulators 

/ 


and the buck converter circuits being interleaved; 

re 

/ 


a feedback circuit responsive to a voltage across the common 


16 commanded output voLtage to control a nominal duty cycle of the 

/ 

17 plurality of buck .converter circuits, the control circuits also 

18 being responsive/to the difference in currents in the plurality 

19 of interleaved/buck converter circuits to adjust the relative 

20 duty cycles ot the plurality of buck converter circuits to 

21 balance the/currents in the buck converter circuits; 

22 the plurality of pulse width modulators, the feedback 

/ 

23 circuit and the control circuits being in a single integrated 

24 circuit!. 
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1 49. (Twice Amended) A DC to DC converter having a 

2 plurality of converter circuits operating into a <2ommon load, 

3 comprising: / 

4 a plurality of buck converter circuits/operating into the 

5 common load, each buck converter circuits/having an inductor for 

6 alternately conducting between the first power supply terminal 

7 and the common load, and the second/power supply terminal and the 

8 common load; / 

9 a plurality of pulse widt^i modulators each controlling one 

10 of the plurality of buck converter circuits, the pulse width 

11 modulators being driven by a common oscillator signal so that the 

12 operation of the pulse width modulators is interleaved; 

13 control circuits/^ adjusting a nominal duty cycle of the 

14 plurality of interleaved buck converter circuits to control a 

15 voltage on the common load, and for responding to the difference 

16 in currents in/the plurality of interleaved buck converter 

17 circuits to ^djust the relative duty cycles of the plurality of 

18 buck converter circuits to balance the currents in the buck 

19 convertey circuits ; 

20 the plurality of pulse width modulators and the control 

21 circuits being in a single integrated circuit. 
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50. (Twice Amended) A DC to DC converter having first and 

/ 

second converter circuits operating into a common' load, 
comprising: 

first and second buck converter circuit^ operating into the 
common load, each buck converter circuit having an inductor for 
alternately conducting between the firs£ power supply terminal 
and the common load, and the second power supply terminal and the 


10 converter circuit; 

11 a second pulse width mqdulator controlling the second buck 

12 converter circuit; 

13 a feedback circuit Responsive to the voltage across the 

14 common load; 

15 control circuits for controlling the first and second pulse 

/ 

16 width modulators responsive to the feedback circuit; 

17 the control^ircuits also being responsive to current 

18 measurements through the first buck converter circuit and the 

19 second buck converter circuit to adjust the relative duty cycle 

20 of the firs/ and second buck converter circuits 

/ 

21 the first pulse width modulator, the second pulse width 

/ 

22 modulator and the control circuits being in a single integrated 

23 circuit/ 
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1 51. (Twice Amended) A DC to DC converter comprising: 

2 a plurality of buck converter circuits operating into the 

3 common load, each buck converter circuit having an inductor for 

4 alternately conducting between the first power supply terminal 

5 and the common load, and the second power/supply terminal and the 

6 common load; 

7 a plurality of pulse width modulators driven by a common 

8 oscillator in an interleaved manner/, each pulse width modulator 

9 controlling one of the plurality/of buck converter circuits, 

10 whereby the operation of the bj/ck converter circuits is 

11 interleaved; 

12 a feedback circuit r^6ponsive to a voltage on the common 

13 output; 

14 a voltage control/circuit for controlling the plurality of 

/ 

15 pulse width modulators responsive to the feedback circuit and a 


16 commanded output voltage; and 

/ 

17 a current balance control circuit for controlling the pulse 

/ 

18 width modulators responsive to a difference in currents m the 

19 inductors of^/the plurality of interleaved buck converter circuits 

20 to balance ythe currents in the plurality of interleaved buck 

21 converter/circuits; 

22 the plurality of pulse width modulators and the control 

23 circuit being in a single integrated circuit. 


/ 
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1 52. (Twice Amended) A DC to DC converter having/a 

2 plurality of converter circuits operating into a cc^mmon load, 

3 comprising : 

4 a plurality of buck converter circuits operating into the 

5 common load, each buck converter circuit having an inductor for 

6 alternately conducting between the first/ power supply terminal 

7 and the common load, and the second r^Dwer supply terminal and the 

8 common load; 

9 a plurality of pulse width yrfiodulators each controlling power 

10 switching devices of one of tire plurality of buck converter 

11 circuits, the operation of ythe pulse width modulators and the 

12 buck converter circuits being interleaved; 

13 a feedback circuit responsive to a voltage across the common 

14 load; 

15 control circuits being responsive to the feedback circuit 

16 and a commanded output voltage to control a nominal duty cycle of 

17 the plurality of buck converter circuits, the control circuits 

18 also being responsive to the difference in currents in the 

19 plurality off interleaved buck converter circuits to adjust the 

20 relative duty cycles of the plurality of buck converter circuits 

21 to balance the currents in the buck converter circuits; 

/ 

22 the plurality of pulse width modulators and the control 

23 circuits being in a single integrated circuit. 
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1 53. (Twice Amended) A DC to DC converter having first and 

2 second converter circuits operating into a common/load, 

3 comprising: 

4 first and second buck converter circuit^ operating into the 

5 common load, each buck converter circuit having an inductor for 

6 alternately conducting between the f irst/ power supply terminal 

7 and the common load, and the second p^wer supply terminal and the 

8 common load; 

9 a first pulse width modulatg£ controlling the first buck 

10 converter circuit; 

11 a second pulse width modulator controlling the second buck 

12 converter circuit; 

13 a feedback circuit yfesponsive to the voltage across the 

14 common load; 

15 control circuits/ for controlling the first and second pulse 

16 width modulators responsive to the feedback circuit; 

17 the control Circuits also being responsive to current 

18 measurements inAhe first buck converter circuit and the second 

19 buck converter/ circuit to adjust the relative duty cycle of the 

20 first and second buck converter circuits; 

21 the f/rst pulse width modulator, the second pulse width 

22 modulatoir, the feedback circuit and the control circuits being in 

23 a singl4 integrated circuit. 
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21 
22 
23 


/ 

54. (Twice Amended) A DC to DC converter having a 

/ 

plurality of converter circuits operating into a common load, 
comprising : 

a plurality of buck converter circuits operating into the 
common load, each buck converter circuit having an inductor for 


./ 



alternately conducting between the first pawer supply terminal 
and the common load, and the second powep^ supply terminal and the 

8 common load; 

9 a plurality of pulse width modulators driven by a common 

/ 

10 oscillator in an interleaved manner, each pulse width modulator 

11 controlling one of the plurality of buck converter circuits, 

12 whereby the operation of the y buck converter circuits is 

13 interleaved; 

14 a feedback circuit responsive to a voltage across the common 


15 load; 


a voltage control circuit for controlling the plurality of 


17 pulse width modulators responsive to the feedback circuit and a 
commanded output^voltage ; and 

a current ^balance control circuit for controlling the pulse 
width modulat/rs to balance the currents in the plurality of 
interleaved/buck converter circuits responsive to the difference 
in current's in the plurality of interleaved buck converter 
circuits/; 
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24 the plurality of pulse width modulators, th^voltage control 

25 circuit and the current balance control circuit being in a single 

26 integrated circuit. 

1 55. (Twice Amended) A DC to DC Converter having a 

2 plurality of converter circuits operating into a common load, 

3 comprising: 

4 a plurality of buck converter circuits operating into the 

5 common load, each buck converter circuit having an inductor for 

6 alternately conducting between the first power supply terminal 

7 and the common load, and /the second power supply terminal and the 

8 common load; 

9 a plurality of pulse width modulators each controlling power 

10 switching devices oc one of the plurality of interleaved buck 

11 converter circuit^, the operation of the pulse width modulators 

12 and the buck converter circuits being interleaved; 

circuit responsive to a voltage across the common 



control circuits responsive to the feedback circuit and a 

/ 

16 commanded/ output voltage to control a nominal duty cycle of the 

17 plurality of buck converter circuits, the control circuits also 

/ 

18 adjusting relative duty cycles of the plurality of buck converter 

/ 

19 circuits to balance the currents in the buck converter circuits 

/ 

20 responsive to the difference in currents in the plurality of 

21 interleaved buck converter circuits; 

/ 
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22 the plurality of pulse width modulators and the control 

23 circuits being in a single integrated circuit. 


1' 56. (Twice Amended) A DC to DC converter having a 

/ 

2 plurality of converter circuits operating into' a common load, 

/ 

J 

3 comprising : 

/ 

4 a plurality of buck converter circuits operating into the 


5 common load, each buck converter circuit having an inductor for 

/ 

6 alternately conducting between the first power supply terminal 


7 and the common load, and the second power supply terminal and the 

/ 

8 common load; 

9 a plurality of pulse width modulators each controlling one 

/ 
/ 

10 of the plurality of buck converter circuits, the pulse width 

/ 

11 modulators being driven Joy a common oscillator signal so that the 

/ 

12 operation of the pulse^ width modulators is interleaved; 

13 control circuit^ for adjusting a nominal duty cycle of the 

/ 

14 plurality of interleaved buck converter circuits to control a 

/ 

15 voltage on the common load, and for adjusting relative duty 

16 cycles of the/plurality of buck converter circuits to balance the 

17 currents in/the buck converter circuits; 

18 the plurality of pulse width modulators and the control 

■r 

/ 

19 circuits being in a single integrated circuit. 

'f 

/ 
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1 -57. (Twice Amended) A DC to DC converter having^first and 

2 second buck converter circuits operating into a common load, 

3 comprising: 

4 first and second buck converter circuits operating into the 

5 common load, each buck converter circuit having an inductor for 

6 alternately conducting between the first poster supply terminal 

7 and the common load, and the second power supply terminal and the 

8 common load; 

9 a first pulse width modulator controlling the first buck 

10 converter circuit; 

11 a second pulse width modulator controlling the second buck 

12 converter circuit; 

13 a feedback circuit responsive to the voltage across the 

14 common load; 

15 control circuits for controlling the first and second pulse 

16 width modulators responsive to the feedback circuit; 


/ 

)1 ^circuits al£ 


17 the control circuits also being responsive to current 

18 measurements in the first buck converter circuit and the second 

19 buck converter/circuit to adjust the relative duty cycle of the 


20 first and second pulse width modulators to balance the currents 

/ 

21 in the buck converter circuits; 

22 the /first pulse width modulator, the second pulse width 

/ 

23 modulator and the control circuits being in a single integrated 

24 circuit. 

/ 
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1 58. (Amended) A DC to DC converter having a plurality of 

/ . 

2 converter circuits for operating into a common load, comprising: 

/ 

3 a plurality of buck converter circuits operating into the 

/ 

4 common load, each buck converter circuit having an' inductor for 

/ 

5 alternately conducting between the first power supply terminal 


6 and the common load, and the second power supply terminal and the 

7 common load; 



8 a plurality of pulse width modulators driven by a common 

/ 

9 oscillator in an interleaved manner, each pulse width modulator 


/ 



10 controlling one of the plurality of buck converter circuits, 

/ 

/ 

11 whereby the operation of the buck ^converter circuits is 

12 interleaved; 

13 a feedback circuit responsive to -a voltage across the common 

14 output; 

15 a voltage control circuit controlling the plurality of pulse 

/ 

16 width modulators responsive to the feedback circuit and a 

17 commanded output vo] 

18 the plurality o { f pulse width modulators and the control 

19 circuits being ii^/^ single integrated circuit. 

/ 

1 59. The DC to DC converter of claim 58 further comprising 

V 

/ 

2 the common oscillator, the common oscillator also being in the 

3 single integrated circuit. 


/ 

It age; 
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1 60. (Amended) A DC to DC converter having a plurality of 

2 converter circuits operating into a common load, comprising: 

/ 

3 a plurality of buck converter circuits operating into the 

/ 

4 common load, each buck converter circuit having an inductor for 

5 alternately conducting between the first power^^pply terminal 

6 and the common load, and the second power supply terminal and the 

7 common load ; ^/ 

8 a plurality of pulse width modulators each controlling one 

/ 

9 of the plurality of buck converter circuits, the operation of the 

/ 

10 pulse width modulators and the buck converter circuits being 

11 interleaved; / 

12 a feedback circuit responsive to a voltage across the common 

13 load; ^ 

14 control circuits responsive to the feedback circuit and a 

15 commanded output voltage to control a nominal duty cycle of the 

16 plurality of buck converter circuits; 

17 the plurality/of pulse width modulators and the control 

18 circuits being in a single integrated circuit. 

/ 

1 61. The DC to DC converter of claim 60 further comprising 

/ 

2 the common oscillator, the common oscillator also being in the 

/ 

3 singleyintegrated circuit. 
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1 62. (Amended) A DC to DC converter comprising: ^/^^ 

2 first and second buck converter circuits operating into a 

/ 

3 common load, each buck converter circuit having an/inductor for 

/ 

4 alternately conducting between the first power supply terminal 

/ 

5 and the common load, and the second power supply terminal and the 

6 common load; ^ 

7 first and second pulse width modulators driven by a common 

8 oscillator in an interleaved manner, each pulse width modulator 

9 controlling a respective one of the first and second buck 

/ 

10 converter circuits, whereby the operation of the buck converter 

11 circuits is interleaved; ^ 

12 a feedback circuit responsive to a voltage across the common 

/ 

13 output ; / 

14 a voltage control circuit controlling the first and second 

15 pulse width modulators responsive to the feedback circuit and a 

16 commanded output voltage; 

17 the plurality of pulse width modulators and the control 

18 circuits being in a single integrated circuit. 

1 63 . The i/c to DC converter of claim 62 further comprising 

2 the common oscillator, the common oscillator also being in the 

3 single integrated circuit. 
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f 

1 64. (Amended) A DC to DC converter comprising: / 

2 first and second buck converter circuits operating into a 

/ 

3 common load, each buck converter circuit having an/inductor for 

4 alternately conducting between the first power supply terminal 

5 and the common load, and the second power supp'ly terminal and the 

6 common load; ^/ 

7 first and second pulse width modulators each controlling a 

/ 

8 respective one of the buck converter circuits, the operation of 

9 the pulse width modulators and the bu*ck converter circuits being 

/ 

10 interleaved; / 

11 a feedback circuit responsive to a voltage across the common 

12 load; / 

13 control circuits responsive to the feedback circuit and a 

14 commanded output voltage to control a nominal duty cycle of the 

/ 

15 plurality of buck converter circuits; 

16 the plurality of/pulse width modulators and the control 

17 circuits being in a/single integrated circuit. 

/ 

1 65. The DC to DC converter of claim 64 further comprising 

2 the common oscillator, the common oscillator also being in the 

3 single integrated circuit. 
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